Fossil fuels and soil organic matter (SOM) together contain approximately five times more carbon than the biota and the atmosphere. Of this, soil organic matter accounts for about 30 % of the carbon present. In addition, SOM has an average carbon/nitrogen ratio of 10/1 and contains a huge fraction of the total nitrogen available for plant growth [1] . Taking into account that the abundance of nitrogen in the earth's crust is much lower than that of carbon, this is a significant fraction of the total nitrogen accessible to the biosphere. Under natural soil conditions, without the addition of mineral fertilizers, SOM provides the majority of the nitrogen necessary for plant growth. It is also thought to be responsible for the interaction between agricultural biocides and the soil [5] [6] [7] . The chemical structure of this ubiquitous material, SOM, and especially the chemical nature of the nitrogen are thus of great and general importance. The molecular structure of the nitrogencontaining fraction is, however, still a matter of controversy [2] [3] [4] . Structural models based on partial chemical analysis claim that a significant part of the nitrogen is present in the form of heteroaromatic structures, while NMRspectroscopic studies on lSN-enriched composts and recent humic material found approximately 85 % of the signal intensity in the amide/peptide region of chemical shift and no signals in the range typical for heteroaromatic nitrogen. A major fraction of the native soil organic matter has been in the soil for several hundred to several thousand years [8, 9] . Compared to these time spans, laboratory-produced material has been fermented for at most 1 year, and it could be argued that heteroaromatic structures are only produced after much longer fermentation periods. This criticism may be overcome by the study of lsN-CPMAS spectra of soil organic matter with natural lSN levels. This has not been achieved hitherto, because the low natural abundance (0.4 %) and the small gyromagnetic ratio of the 15N nucleus and therefore its low sensitivity in NMR experiments appeared to make this experiment an impossible one. The most abundant 14N-isotope (99.6 %) cannot be studied by high-resolution NMR because its large nuclear quadrupole moment leads to very broad and unresolved signals, especially in solid-state NMR [101.
In previous systematic studies on 15N-enriched composts and organic soil extracts [11] our group optimized all spectral parameters for the ~sN-CPMAS experiment. A crude estimate showed that it should be possible to obtain 15N spectra with a tolerable signal-to-noise ratio after the accumulation of approximately one million transients. In the present paper we report on the first successful results of such experiments. Six German soils were studied as detailed in Table 1 [12] . All signals found are in the chemical shift range typical for amide/ peptide signals with a small intensity found in the region of free amino groups. Fig. 2. Comparison of the natural abundance 15N-CPMAS spectra of humic acids and fulvic acids obtained from the six German soils given in Table 1 with spectra obtained from the 15N-enriched humic and fulvic acid derived from a Lolium perenne compost after 200 days of fermentation (~5N abundance 90 %). * = spinning side bands Table 2 . Possible assignment of the 15N NMR spectra [11] and the average of the relative intensities in spectra of humic matter fraction of soil with 15N natural abundance. The integration routine sets the total intensity at 100 %. The reproducibility of the integration procedure depends on the signal-to-noise ratio. Phenazine derivatives amide nitrogen. However, this is a broad and intense signal, of which more than 80 % of the total intensity could cover some less intense signals at the low-field side (-190 to 230 ppm) of the main peak originating from indoles, purine bases (N-9) and quinone imines. These heteroaromatic structures could thus be hidden within the spectra. However, even in the very improbable case that the total intensity in this chemical shift range results from such structures, they would not contribute more than 10 % to the total signal intensity. In Fig. 1 all fractions derived from the "black" calcaric Regosol with a high carbon content (line 4 in Table 1 ) by a standard aqueous sodium hydroxide extraction [12] are shown. Also given are the contributions of the individual fractions to the total carbon and nitrogen content of the soil.
In all extracts nitrogen is enriched compared to the complete soil. The main and significant differences seen in these spectra are the unexplainable splitting of the amide peak in the extraction residue and the well-developed free aminogroup signal in the fulvic acid fraction. This latter feature is typical for all fulvic acid fractions as can be seen from an inspection of Fig. 2 . The poor signal-tonoise ratios in the individual spectra lead to large errors in the integrated areas. However, the average values for all six fractions (see Table 2 ) clearly support the above statement. In addition, the fulvic acids are by definition soluble in dilute aqueous acids and water and the relatively high concentrations of free amino groups are consistent with this high solubility. It should be noted also that all soluble fractions are enriched in 83 nitrogen, having a smaller C/N ratio (81-87) compared to the total SOM. The studies on the native material currently suffer from a rather modest signalto-noise ratio, which can only be 6 improved if significant progress in the (4-7) instrumental design is achieved. How-11 ever, within the precision of the existing (%13) data it can safely by stated that at most 10 % of the total nitrogen in soil organic matter can be present in heteroaromatic structures or Schiff bases in the samples studied here. This is contrary to the 40 to 50% claimed from chemical analysis [1, 21. The great similarity between the spectra of recent and native ,,fossil" humic material supports the conclusions drawn from the 13C-CPMAS studies [13] , i.e., no sig- Fig, 1 
